The results showed great differences between younger wines and wines that underwent 24 the crianza (or aging) process. The first ones were characterized by a marked fruity and 25 floral odor and fresh taste, while the second group of wines was characterized by more 26 complex sensory attributes such as toasted, spicy and compote odour attributes. These 27 differences in sensory characteristics were related to a higher content of higher alcohol 28 acetates and ethyl and methyl esters of fatty acids in wines included in the first group, 29 while the second group was characterized by a lower concentration of esters, but higher 30 concentration of compounds related to wine aging, such as furfural, 5-methylfurfural 31 and vitispiranes. 32 33 34 35
INTRODUCTION 38
In recent years, the wine industry has made a great effort to improve 39 autochthonous grape varieties to produce varietal wines with distinctive characteristics, 40 which will diversify the current wine market, and the recovery of native grapes. In this 41 sense, the sensory and chemical characterization of monovarietal wines seems to be an 42 outstanding task in order to find peculiar and distinctive characteristics between wines. 43
Penedés is an important viticultural and oenological area on the northeast coast 44 of Spain, where some white native grape varieties such as Muscatel, Malmsey, Xarel.lo 45
and Macabeo are grown [1] . Among them, the Xarel.lo variety has been traditionally 46 preferred, together with other white grapes varieties for the production of base wines for 47
Cava (Spanish sparkling wine produced by the traditional method) [2] . In fact, there are 48 several studies in the literature that have focused on the influence of this variety on the 49 chemical and foaming characteristics of Cava wines [3] [4] [5] [6] [7] . 50
Currently, Xarel.lo is the white grape variety most cultivated in the Penedés 51 (www.dopenedes.es) and the number of monovarietal Xarel.lo wines produced by using 52 different winemaking technologies and commercialized under the Origen Denomination 53 (O.D.) Penedés has greatly increased. However, little is known about its chemical and 54 sensory characteristics. López-Tamames and co-workers [4] , showed differences in the 55 free and bound volatile composition of musts from typical red and white Spanish 56 grapes, including two Xarel.lo musts from Penedés. However, in the case of wines, 57 besides the work performed by Campo and collaborators [8] which included two Xarel.lo 58 wines, only De la Presa and Noble [9] and De la Presa and co-workers [1] , respectively, 59
performed the sensory and chemical characterization of wines from this variety. In the 60 latter works, the authors showed sensory and chemical differences in wines from this 61 variety compared to white wines from other typical grapes from Penedés such as 62 Quantitative data were obtained by calculating the relative peak area (or TIC 138 signal) in relation to that of the internal standard (methyl-nonanoate). For quantification 139 purposes, calibration curves (five levels of concentration covering the concentration 140 ranges expected in wines) of each standard compound in synthetic wines were made and 141 analysed under the same conditions as the samples. A semi-quantitative analysis 142 assuming that component response factors were the same as the response factor of the 143 internal standard was performed for the compounds in which no reference compound 144 was available. 145
146

Descriptive sensory analysis (DA) 147
Descriptive sensory analysis was performed by a trained panel (12 people) 148 which regularly participates in the Origin Denomination Penedes and, therefore, they 149 had a large experience in the evaluation of Xarel.lo wines. Previously, the descriptive 150 attributes most representative of the wines were defined in the first tasting seasons. To 151 do so, the moderator suggested some terms and few wines from different years were 152 tasted by the panel. After an open discussion of the results, the attributes were chosen to 153 better reflect the differences among the wines. Statistical evaluation of performance of 154 the panel was done by one-way ANOVA in order to discard attributes scores from 155 judges not consistent with the whole panel for the subsequent sessions. From these 156 preliminary tests 16 terms related to the odour (white flower, white fruit, stone fruit, 157 citric, tropical, fresh grass, dry grass, compote, spicy, toasted and lactic), taste (fresh 158 taste, texture, persistence) and colour (intensity and tonality) were selected. 159
Following the International Organization for Standardization ISO 5492, wine samples 160 were evaluated in triplicate in three formal sessions that were held on different days. 161
Each evaluation was conducted in individual tasting booths at room temperature (22 ± 1 162 ºC). In each case, wines (20 mL) were served at 13 ± 2 ºC in coded, tulip shaped 163 wineglasses covered by glass Petri dishes. Samples were presented in random order. 164
Still mineral water was provided for rinsing between wines. The intensities of the 16 165 descriptors were rated on a scale of 0 to 9; a score of zero indicated that a descriptor was 166 not perceived and a score of 9 indicated the highest intensity. The mean scores awarded 167 by the assessors for each of the attributes evaluated in the wine samples were used for 168 subsequent statistical processing. 169
170
Statistical analysis 171
The statistical methods used for the data analysis were: one-way ANOVA and 172
Scheffe test for mean comparisons; principal component analysis (PCA) (from 173 correlation matrix) was used to examine the relationship among the variables and 174 between samples; cluster analysis (Ward"s method, from standardized data) was used to 175 discover natural groupings of the samples; and partial least square regression (PLS) was 176 applied to predict the sensory attributes of the wines based on the chemical 177 composition. STATISTICA program for Windows, version 7.1 (StatSoft Inc., Tulsa, 178 OK 74104, USA, www.statsoft.com), and THE UNSCRAMBLER program, version 9.6 179 (CAMO Software AS, Nedre Vollgate 8, N-0158 OSLO, Norway, www.camo.no) was 180 used for data processing. 181
182
RESULTS AND DISCUSSION 183
Volatile Composition 184
The wines considered for this study were a group of 25 wine samples from the 185 same grape variety (Xarel.lo) and from the same geographical origin but with 186 differences in their vintage and winemaking techniques. In addition, some of them were 187 submitted to an aging process (crianza) during their production. The volatile 188 composition of all the wines was determined, as this is the main fraction involved in 189 their aroma. depending on their concentration and on their combinations in wines, they may 200 positively or negatively impact wine aroma [10] . For instance, ethyl acetate might be 201 responsible for some off flavours at levels of 150-200 mg L -1 [11] . However, the average 202 values determined in the wines of this study were above 62 mg L -1 that has been 203 associated to fruity notes in wines [12] . On the other hand, the average concentration of 204 isoamyl alcohols (189 mg L -1 ) ( Table 2) , was well below the concentration described 205 that may produce negative nuances in wines (400 mg L -1 ) [13] . The concentration of 206 other higher alcohols identified in the wines (1-propanol and isobutanol) were also 207 within the range previously described in Cava base wines [6, 7] . The values of ethyl 208 lactate, were very low (9 mg L -1 ) and similar to those reported for other white wines [12] , 209
showing that most of the wines did not undergo malolactic fermentation. 210
Other minor volatile compounds also detected in most of the wines were mainly 211 esters and specifically higher alcohol acetates and ethyl esters of fatty acids. Among the 212 first group, isoamyl, hexyl and phenylethyl acetates were identified in all the wines 213 ( [12] , although some of the Xarel.lo wines in this study also reached 216 these values. Hexyl acetate was found at minor concentrations (0.50 mg L -1 ), and with 217 similar values as those reported in base wines for cava [7] . All of these compounds are 218 important contributors to the fruity and flowery aroma of wines [14] and they have 219
shown very high Odour Activity Value (OAV >100) in some white wines, such as 220
Albariño [12] . Moreover, several ethyl esters of fatty acids (ethyl butanoate, hexanoate, 221 octanoate, decanoate, 9-decenoate and diethyl succinate) were also found in all the 222 wines ( Table 2 ). These compounds have been associated to fruity and soapy odours [15] . 223
For instance, ethyl 9-decenoate has been associated to quince aroma in wines [16] . 224
Among them, ethyl hexanoate and ethyl octanoate were found at the highest 225 concentrations (on average 10.4 and 4.3 mg L -1 respectively). These two esters together 226 with ethyl decanoate have been shown to be the most abundant in base wines from 227 Penedés [7] . 228
In addition to the above mentioned esters, 1-hexanol and 2-phenylethanol were 229 the only alcohols found in all the samples ( Table 2 ). The latter, has been associated to 230 floral nuances in wines [13] , and in the wines under study was found at lower 231 concentrations (average 6 mg L -1 ) than in other Spanish wines such as Albariño [12] . 232
Although this compound is mainly produced by yeast metabolism, López-Tamames and 233 co-workers [4] also identified it in Xarel.lo grapes. It is interesting to notice, that besides 234 1-hexanol that was found in all the wines and (Z)-3-hexen-1-ol that was found only in 235 56 % of the wines, no other alcohol and/or aldehyde of six carbon atoms were detected. 236 This is in agreement with the results of López-Tamames and collaborators [4] who 237 showed the low amount of these carbonyl C6 volatile compounds, usually associated to 238 grassy or herbaceous odors, in Xarel.lo grapes compared to other Spanish white grape 239
varieties. 240
The three medium chain volatile fatty acids hexanoic, octanoic and decanoic 241 acids also were detected in all the wines ( Table 2 ). All of them were present at 242 concentrations ranging between 3 and 10 mg L -1 , far below the concentration of 20 mg 243 L -1 that has been associated to off-flavours in wines [17] . Finally, three other compounds, 244 ethyl 3-methylbutanoate, methyl octanoate and isoamyl octanoate were also found in 245 most of the wines and although their presence in Cava wines has been previously 246 reported [18] , their involvement on wine aroma has not yet been described. 247
Linalool, α-limonene and α-terpineol were the only terpenic compounds detected 248 in the wines, and in general, they appeared at very low concentrations ( Table 2 ) 249
Although α-limonene was found in a higher number of wines (44 %), linalool was the 250 terpenic alcohol found at higher concentrations (average of 50 μg L -1 ). The latter, has 251 been related to floral nuances in wines [19] . The low concentration of terpenes in grape 252 juices from some Mediterranean white grape varieties compared to other Northern 253 Spanish varieties (e.g Albariño) has been previously shown [4, 12] . Bosch-Fusté et al. 254
(2007) were also unable to identify terpenic compounds in control Cava wines (0 days 255 of aging) using a DVD-CAR-PDMS SPME fibre for the analysis. However, it has been 256 shown that the polymeric composition of the fibre can greatly influence the extraction 257 of these compounds from wines [20] . 258 Some C13-norisoprenoids were also identified in the Xarel.lo wines. In general, 259 it has been shown that their occurrence in wines can be considered as a quality factor, 260 since they seem to supply pleasant scents to the wines such as tobacco, fruity and tea 261 [21] . Among them, β-damascenone was identified only in 20 % of the wines at 262 concentration above 9 μg L -1 ( Table 2) . Because of the very low perception threshold of 263 β-damascenone (45 ng L -1 ) [22] , this compound might have a great importance for wine 264 aroma. β-Damascenone has been recently identified in some young Portuguese white 265 wines such as Boal, Malvazia, Sercial and Verdelho [22] , and it has been shown to be an 266 odour impact compound in Macabeo white wines [23] , with an OAV of 110; however, 267 this is the first time its presence in Xarel.lo wines has been reported. Other important 268 norisoprenoids that were identified in the wines, were the two vitispirane isomers and 269 the 1,1,6-trimethylnaphthalene (TDN) ( Table 2 ). The three were identified in more than 270 80 % of the wines. Vitispirane has been associated to canphorous-eucalyptus nuances, 271 while TDN has been associated to the kerosene petrol like odour typical of aged 272
Riesling wines [13] . However, at high concentrations the latter can also be responsible 273 for off-flavours [21] . In addition, although both compounds have been found in young 274 wines, their concentration considerably increases during wine aging because of the 275 breakdown of the corresponding carotenoid precursors [21] . It is because of this, that 276 vitispirane and TDN have been claimed to be used as markers of aging in old Cava 277 wines [18] . 278
Other compounds identified in the wines were some furfuryl compounds such as 279 furfural, 5-methylfurfural, ethyl 2-furancarboxylate and 2-acetylfuran ( Table 2 ). All of 280 them have been previously identified in Cava wines [18] . Among them, furfural was 281 identified in the 80 % of the wines analysed and its concentration ranged between 0.3 282 and 1.8 mg L -1 . However, on the basis of its OAV, it has been shown that its importance 283 for wine aroma seems to be rather low [24] . It is a carbohydrate degradation product and 284 it has been shown it can increase during the aging in the bottle [13] . 285 286 Sensory Characterization 287 For the sensory evaluation, the 25 wines were firstly submitted to descriptive analysis to 289 evaluate 16 sensory terms that were found in preliminary sensory sessions as the most 290 appropriate to characterize Xarel.lo wines. These descriptors and their intensity values 291 (mean ± SD) are shown in Table 3 . In the case of the odour-related attributes, the 292 highest scores were obtained for citric fruit, white fruit and tropical fruit aromas (4.12, 293 4.05, 3.96 respectively). In addition, the descriptor fresh taste was highly rated (5.51). 294
The wines also obtained high scores in texture, persistence and colour intensity and 295 tonality. De la Presa-Owens and Noble (1995) [9] also found that some of these 296 attributes, such as tropical fruit and floral notes were characteristic of Xarel.lo wines. In 297 addition, they also found the descriptor black pepper as an important contributor in 298 explaining the sensory characteristics of Xarel.lo wines. In our study, spicy aroma was 299 also characteristic of these wines, although we found a high dispersion in this attribute 300 between wines (Table 3) , which could be due to differences in winemaking practices 301 and vintage year. As a matter of fact, some other sensory attributes such as white flower 302 and toasted aroma also seemed to have major differences between wines, as it is 303 suggested by the high SD values in the intensity scores (Table 3) . Interestingly, the 304 intensity of the attribute fresh grass, which has often been related to vegetative off-305 flavours [13] was generally low in most of the wines. tonality. In Figure 1 the scores of the wines in the four groups, and the loadings of the 315 sensory descriptors, are plotted on the plane defined by the two first principal 316 components. As can be seen, four groups of wines already noticed by cluster analysis 317 (data not shown) were distinguished by PCA analysis. Wines from group 1, were better 318 characterized by descriptors associated to the PC1, on the contrary, wines included in 319 groups 2 and 3 were very little characterised by them. The PCA also revealed a fourth 320 group of wines (group 4) that were negatively related with PC1 (on the contrary to the 321 wines from group 1). To better illustrate these differences, Figure 2 shows the mean 322 intensity ratings for the 4 groups of wines on a cobweb plot using the 16 sensory terms. 323
The four groups might correspond to four styles of Xarel.lo wines. The style of the 324 wines from group 1 was characterized by a marked fruity and floral odour and fresh 325 taste. All the wines included in this group were young wines from 2008, thus they could 326 define the sensory characteristics expected for Xarel.lo young wines. These 327 characteristics seemed to be in agreement with previous sensory studies [8, 9] . However, 328 in this study three other styles of Xarel.lo wines were also found. Wines included in 329 group 4 were very different from group 1. They were characterized by a lower intensity 330 of flowery and fruity aromas and fresh taste, but for the presence of attributes such as 331 dry grass, compote, toasted and spicy, that were almost absent in wines from group 1. In 332 addition, some other sensory characteristics such as texture, persistence, and colour 333 intensity and tonality were also present at higher intensity in group 4 compared to wines 334 from group 1. Compared to previous works [8, 9] , this seems to be an unusual sensory 335 profile for Xarel.lo wines, and even different to the sensory profiles described for white 336 wines from other North-Spanish regions such as Godello and Albariño white wines [25] . 337
However, all the wines within group 4 were from 2006 and 2007 vintages and most 338 importantly, they were submitted to crianza in which the wines spent at least 6 months 339 aging in oak. Therefore, either the vintage and/or the crianza process provoked changes 340 in the sensory characteristics of the wines, such as the loss, at least in part, of the fruity, 341 floral and freshness sensory attributes, but the increase in more complex aromatic notes 342 (compote, spicy, toasted, etc) that may be defined as an aging bouquet. This could be 343 due to the release of aroma compounds from the wood into the wine or a masking effect 344 of fruity and floral descriptors by typical sensory descriptors from wood, as it has been 345 shown in some Chardonnay wines aged with toasted oak chips [26] . In addition, the 346 wines from group 4 showed the highest scores in colour intensity and tonality 347 descriptors, which is in agreement with the higher colour and tonality data 348 instrumentally determined compared to the non-crianza wines (Table 1) . This, might be 349 related to the increase in oxidation phenomena because of the crianza process [26] . 350
The other two styles of wines that we found in this work corresponded to groups 351 2 and 3. Both groups were very similar and had sensory characteristics between wines 352 from group 1 and those from group 4 (Figure 2) . Both groups included wines from all 353 the vintages with or without crianza. Similarly to wines from group 4, they were 354 characterized by toasted, compote, dry grass and spicy aroma, but in the case of wines 355 from group 3 the sensory panel also found some fruity (tropical, citric, stone and white 356 fruit) and white flower descriptors, in higher intensities, although the latter were very 357 low or almost absent in wines from group 2 (Figure 2) . tropical fruit and fresh taste) was selected, except for spicy and toasted notes, for which 366 two components were selected ( Table 4) . The size and sign of the values of the 367 regression coefficients in the model for standardized predictor variables can be used to 368 determine the variables that mostly contribute (positively or negatively) to the 369 prediction of the sensory attributes. The PLS results, regression coefficients for the 370 variables that mostly contribute to the prediction of specific sensory attributes, number 371 of selected components and the determination coefficient (R 2 ), are shown in Table 4 . 372
In addition, the table shows (in brackets) the values, significantly different from zero 373 (p<0.05), of the correlation coefficients, between the instrumental variables and the 374 sensory attributes. It is worth noticing the high similarity between the volatile 375 compounds that have been selected because of their higher correlation with the flower 376 and fruity attributes. In this sense, the similarities between the variables (volatiles) that 377 better predict the sensory attributes white flower and white fruit, are even more evident. 378
As we have previously shown, these attributes, seem to be important in defining the 379 sensory characteristics of young Xarel.lo wines. This might be due to the difficulty to 380 differentiate between both attributes by the sensory panel. In general, the selected 381 variables that were positively related to both attributes were higher alcohol acetates 382 (hexen-1-ol, acetate, phenylethyl acetate, hexyl acetate) and ethyl and methyl esters of 383 fatty acids (methyl octanoate, methyl decanoate and ethyl decanoate). This is in 384 agreement with the high involvement of these compounds in the characteristic fruity 385 and flowery aroma of some young white wines [13, 14] . In fact, 2-phenyl acetate has been 386 found to be an odour impact compound in other Penedés white wines (e.g. Macabeo) 387 described as flowery-like by GC-O [23] . In addition, white flower and white fruit 388 attributes showed a relatively high correlation (0.77 and 0.78) (Table 4) with hexyl 389 acetate. Although some previous sensory studies in Spanish wines from white varieties 390 such as Gual and Verdello have suggested that floral aromas might be related to high 391 levels of terpenes [27] , in the Xarel.lo wines under the study, both sensory attributes 392 seemed to be more correlated to the ester content. 393
On the other hand, and as it is shown in Table 4 , compounds such as diethyl 394 succinate, vitispirane and TDN, were negatively associated to all the fruity attributes. 395
The first one has been shown as the only ester which increases during Cava aging [6, 18] 396 while the other two compounds are mainly degradation products from carotenoids 397 breakage during wine aging [21] . Therefore, the low correlation of the three volatile 398 compounds with fruity and flowery attributes seems logical when taking into 399 consideration that these attributes are mainly associated to young wines. In addition, it 400 is interesting to underline that the attribute fresh taste followed a similar trend ( Table 4 ) 401 than that observed by the fruity and floral characteristics and it was also associated to 402 the higher ethyl alcohol esters and higher alcohol acetates. 403
In general, esters did not show a contribution to the spicy and toasted sensory 404 characteristics and even some of them such as 3-hexen-1-ol, acetate and isoamyl acetate 405 were negatively correlated to both sensory attributes (Table 4) . Interestingly, the only 406 volatile compounds that seemed to contribute the most to both sensory characteristics 407 were furfural to the toasted note and 5-methylfurfural to both spicy and toasted (Table  408 4). These compounds are carbohydrate degradation products and it has been shown they 409 can increase with aging in the bottle [13] . In addition, they may have been released into 410 the wines that underwent crianza process, since both volatiles may be produced by the 411 degradation of polysaccharides during oak wood toasting [26] . 412
In summary, in this work that constitutes the first comprehensive study 413 performed on the characterization of commercial Xarel.lo wines from the Penedés, four 414 different styles of wines were found based on their sensory characteristics. Among 415 them, two groups or styles were perfectly distinguishable: young wines, characterized 416 by a marked fruity and floral odour and fresh taste and wines that underwent crianza, 417 characterized by more complex sensory attributes such as toasted, spicy and compote 418 odour attributes. The differences in the two styles seems to be related to a higher content 419 of higher alcohol acetates and ethyl and methyl esters of fatty acids in wines included in 420 the first style, while the second style was characterized by a lower concentration of 421 esters, but higher concentration of compounds related with wine aging, such as furfural, method: 1=using calibration curves with the standard compounds, 2=semi quantification using the 505 response factor of the IS (methyl nonanoate), 2a= semi quantification using the response factor of 506 the β-damascenone. 507 508 
